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Introduction

Heavy metals are among the principal contaminants in the environment. Beside the natural activities, almost all
human activities also have potential contribution to produce heavy metals as side effects. Migration of these
contaminants into non-contaminated areas as dust or particulates through the soil and spreading of heavy metals
containing sewage sludge are a few examples of events contributing towards contamination of the ecosystems (1).
Several methods are already being used to clean up the environment from these kinds of contaminants, but most
of them are costly and far away from their optimum performance. The chemical technologies generate large
volumetric sludge and increase the costs (2); chemical and thermal methods are both technically difficult and
expensive that all of these methods can also degrade the valuable component of soils (3). Conventionally,
remediation of heavy-metal-contaminated soils involves either onsite management or excavation and subsequent
disposal to a landfill site.

This method of disposal solely shifts the contamination problem elsewhere along with the hazards associated with
transportation of contaminated soil and migration of contaminants from landfill into an adjacent environment. Soil
washing for removing contaminated soil is an alternative way to excavation and disposal to landfill. This method
is very costly and produces a residue rich in heavy metals, which will require further treatment.

Moreover, these physic-chemical technologies used for soil remediation render the land usage as a medium for
plant growth, as they remove all biological activities (1). Recent concerns regarding the environmental
contamination have initiated the development of appropriate technologies to assess the presence and mobility of
metals in soil (4), water, and wastewater. Presently, phyto-remediation has become an effective and affordable
technological solution used to extract or remove inactive metals and metal pollutants from contaminated soil.
Phyto-remediation is the use of plants to clean up a contamination from soils, sediments, and water. This
technology is environmental friendly and potentially cost effective (3).

The aims of this study are to discuss the potentials of recent techniques on absorbent heavy metal-contaminated
sites, to provide new knowledge about heavy metals uptake mechanisms in soil and to give some description
about the performance of soli uptake heavy metals such as arsenic (As).

Research Question
What is the prevalence of arsenic in the soils around Kuala Lumpur city, Malaysia?

Problem Statement

The soil and agriculture lands in & around the Kuala Lumpur city are at the risk of exposure of heavy metals from
untreated agricultural, urban, and industrial effluents. This may results in bio-accumulation of heavy metals in soil
and transfer into the underground water which human and animals can consume. Water and its tributaries pass
through populated residential areas, towns, industrial and agricultural sites. The analysis of heavy metals that
includes arsenic therefore, justified providing precautionary use of the soil, as well as providing a basis to
sensitize government authorities such as National Environmental Management Authority (NEMA) towards
management of discharge into the soil.
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Hypothesis

The Heavy metal contamination with the arsenic remains one of the factors for the solid contamination in the
capital city of Kuala Lumpur, Malaysia.

Literature Review

Soils may become contaminated by the accumulation of heavy metals and metalloids through emissions from the
rapidly expanding industrial areas, mine tailings, disposal of high metal wastes, leaded gasoline, and paints, land
application of fertilizers, animal manures, sewage sludge, pesticides, wastewater irrigation, coal combustion
residues, spillage of petrochemicals, and atmospheric deposition (5, 6). Heavy metals constitute an ill-defined
group of inorganic chemical hazards, and those most commonly found at contaminated sites are lead (Pb),
chromium (Cr), arsenic (As), zinc (Zn), cadmium (Cd), copper (Cu), mercury (Hg), and nickel (Ni) [7].

Soils are the major sinks for heavy metals released into the environment by aforementioned anthropogenic
activities and unlike organic contaminants which are oxidized to carbon (V) oxide by microbial action, most
metals do not undergo microbial or chemical degradation [8], and their total concentration in soils persists for a
long time after their introduction [9]. Changes in their chemical forms (speciation) and bioavailability are,
however, possible. The presence of toxic metals in soil can severely inhibit the biodegradation of organic
contaminants [10]. Heavy metal contamination of soil may pose risks and hazards to humans and the ecosystem
through: direct ingestion or contact with contaminated soil, the food chain (soil-plant-human or soil-plant-animal-
human), drinking of contaminated ground water, reduction in food quality (safety and marketability) via
phytotoxicity, reduction in land usability for agricultural production causing food insecurity, and land tenure
problems [11-12].

The adequate protection and restoration of soil ecosystems contaminated by heavy metals require their
characterization and remediation. Contemporary legislation respecting environmental protection and public
health, at both national and international levels, are based on data that characterize chemical properties of
environmental phenomena, especially those that reside in our food chain [13]. While soil characterization would
provide an insight into heavy metal speciation and bioavailability, attempt at remediation of heavy metal
contaminated soils would entail knowledge of the source of contamination, basic chemistry, and environmental
and associated health effects (risks) of these heavy metals. Risk assessment is an effective scientific tool which
enables decision makers to manage sites so contaminated in a cost-effective manner while preserving public and
ecosystem health [14].

Arsenic

Arsenic is a metalloid in group VA and period 4 of the periodic table that occurs in a wide variety of minerals,
mainly as As,Os, and can be recovered from processing of ores containing mostly Cu, Pb, Zn, Ag and Au. It is
also present in ashes from coal combustion. Arsenic has the following properties: atomic number 33, atomic mass
75, density 5.72 gcm, melting point 817°C, and boiling point 613°C, and exhibits fairly complex chemistry and
can be present in several oxidation states (—III, 0, III, V) [15]. In aerobic environments, As (V) is dominant,
usually in the form of arsenate (AsO, 3’) in various protonation states: H3AsO,4, H,AsO, , HAsO, Z and AsO, ¥,
Arsenate and other anionic forms of arsenic behave as chelates and can precipitate when metal cations are present
(16). Metal arsenate complexes are stable only under certain conditions. Arsenic (V) can also co precipitate with
or adsorb onto iron ox hydroxides under acidic and moderately reducing conditions. Co precipitates are immobile
under these conditions, but arsenic mobility increases as pH increases (15).

Under reducing conditions As (111) dominates, existing as arsenite (AsO3; ), and its protonated forms HsAsOs,
H,AsO; ~, and HAsO; 2. Arsenite can absorb or co precipitates with metal sulfides and has a high affinity for
other sulfur compounds. Elemental arsenic and arsine, AsH3z, may be present under extreme reducing conditions.
Biotransformation (via methylation) of arsenic creates methylated derivatives of arsine, such as dimethyl arsine
HAs (CHs), and trimethylarsine As (CHs); which are highly volatile. Since arsenic is often present in anionic
form, it does not form complexes with simple anions such as CI” and SO,". Arsenic speciation also includes
organ metallic forms such as methylarsinic acid (CH3;) AsO2H2 and dimethylarsinic acid (CH3),AsO,H. Many as
compounds adsorb strongly to soils and are therefore transported only over short distances in groundwater and
surface water. Arsenic is associated with skin damage, increased risk of cancer, and problems with circulatory
system (17).
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Objectives
The objective of this study is:

- To determine the level of heavy metals; viz: arsenic (As) concentration in& around the soils of the capital
city Kuala Lumpur, Malaysia.

Methods of Analysis

Location of study sites

Different places around the city (Approximately 4 different places around KL City)
Research design

Soils will be collected and sampled twice (June and July, 2016), and Statistical analysis will be carried out to
estimate concentration of Arsenic in those soils according to the techniques mentioned in the table below.

Technologies for remediation of heavy metal-contaminated soils.

Category Remediation technologies

Isolation (1) Capping (ii) subsurface barriers.

Immobilization (i) Solidification/stabilization (ii) vitrification (iii) chemical treatment.

Toxicity and/or (1) Chemical treatment (ii) permeable treatment walls (iii) biological treatment bioaccumulation, phytoremediation
mobility reduction  (phytoextraction, phytostabilization, and rhizofiltration), bioleaching, biochemical processes.

Physical separation

Extraction (1) Soil washing, pyrometallurgical extraction, in situ soil flushing, and electrokinetic treatment.

Analysis of elements

Elements including lead, nickel, manganese, zinc, cadmium and chromium have been analyzed by various
methods which include flame atomic absorption spectrometry(FAAS),graphite furnace absorption spectrometry
(GF-AS) and inductively coupled plasma — atomic emission spectroscopy (18,19). Atomic absorption
spectrometry is commonly used for it has the advantage of being highly specific, availability and selectivity (20).

Atomic absorption spectroscopy

The technique makes use of absorption spectrometry to assess the concentration of an analyte in a sample. It
requires a standard with known analyte content to establish the relation between the measured and the analyte
concentrations and relies on Beer Lambert’s law (21, 22).
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